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SUPPRESSION OF TUMOR CELL GROWTH BY SYNDECAN-1 
ECTODOMAIN 



HELD OF THE INVENTION 

This invention is in the field of cancer biology and therapy. 
5 Specifically, the invention is to a method for slowing or normalizing the 
growth rate of a cell, especially a malignant cell, by providing efficacious 
amounts of the ectodomain part of syndecan-1 to such cell. The method 
of the invention facilitates and results in the normalization of the growth 
rate and differentiation state of malignant cells. 

10 BACKGROUND OF THE INVENTION 

Cellular differentiation is based on selective use of genetic 
information programmed by extracellular stimuli, which for example 
could include cellular interactions and binding of extracellular effector 
molecules by cell surface receptors. It is becoming more evident that 

1 5 cell surface proteoglycans play an important role in the regulation of cell 
behavior. Syndecans are cell surface proteoglycans, which have been 
shown to participate in both matrix recognition and growth factor binding 
and thus believed to participate in cell regulation. The sequences of 
human, mouse, rat and hamster syndecans are known. Syndecans have 

20 recently been reviewed (Jalkanen, et a/., in Receptors for Extracellular 
Matrix, J. MacDonald & R. Mecham, Editors, Academic Press, San 
Diego, pp. 1-37 (1991) and Bernfield, O., etal. f Annu. Rev. Cell Biol. 
3:365-393 (1992)). 

Syndecan-1 is the best characterized cell surface proteoglycan 
25 (Saunders etaL 9 J. Cell Biol. 708:1547-1556 (1989); Mali etaL J. Biol. 
Chem. 265:6884-6889 (1990)). International patent application WO 
90/1 2033 discloses the aminoacid sequence and corresponding cDNA 
sequence of mouse syndecan-1 molecule. A diagnostic method for 
detecting transformed cells by detecting changes is the syndecan 
30 expression in transformed cells is described in International Patent 
Application WO 92/1 3274 and WO 93/051 67. 
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The enhancer element of the syndecan gene as well as a method 
of decreasing the growth of malignant cells by inducing the expression 
of syndecan within malignant cells is described in International Patent 
Application (PCT/FI93/00514) 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is the sequence of human syndecan-1. Circles: 
possible GAG attachment sites; bold underline: transmembrane domain; 
light underlining: aataa polyadenylation signal. 

Figure 2 is the sequence of mouse syndecan-1 . 

l o Figure 3 Schematized structure of the core proteins of wild type, 

tail-less and ecto transfection constructs. The wild type construct 
contains the full length mouse syndecan-1 ectodomain (Mali, M. et aL, J. 
Biol. Chem. 263:24215 (1993)). The tail-less construct was generated 
using oligonucleotide-directed mutagenesis resulting a deletion mutant 

l 5 with single arginine residue in the cytoplasmic domain as described in 
the examples (Miettinen, H.M. etal., J. Cell ScL in press (1994)). The 
ecto construct was also derived by oligonucleotide-directed 
mutagenesis as described in the examples, and has a stop codon in the 
protease sensitive site just adjacent to the cell surface. Vertical lines 

20 indicate putative GAG attachment sites and arrows the dibasic protease 
sensitive site. 

Figure 4 Actin filament organization and immunofluorescence 
localization of syndecan-1 on the cell surface. 

Figure 5 Amount of secreted ectodomain of syndecan-1 from 
25 the conditioned medium of Ecto cell clones (Ecto 15, 34, 2 and 23). Cells 
were cultured for two days in the presence of 10 nM testosterone and the 
ectodomain of syndecan-1 that accumulated in the medium was used. 
The culture medium was used directly. Samples were normalized for cell 
number and equivalent amounts slot-blotted on Hybond-N+ membrane. 
30 The ectodomain of syndecan-1 was detected by enhanced 

chemiluminescence method using 281-2 as described in the examples 
(Miettinen, H.M. etal., J. Cell ScL in press (1994)). Quantitations were 
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done using computer image analysis system (Imaging Research Inc.). 
Means and SEMs of two parallel samples are presented. 

Figure 6 Actin filament organization of Ecto cell clones. Ecto 
cells were cultured in the presence of 1 0 nM testosterone and actin 
5 filaments were visualized by rhodamine-conjugated phalloidin. 

Figure 7 Soft-agar colony formation of Ecto cell clones. Cells 
were cultured 12 days in 0.33% soft-agar, DMEM+5% FCS with 10 nM 
testosterone as described earlier (Leppa, S. etaL, Proc. Natl. Acad. ScL 
USA 89:932 (1992)). 

1 o Figure 8 The effect of DEAE-isolated syndecan-1 ectodomain 

(examples) from the conditioned medium of Ecto 2 cells on growth of 
NMuMG and testosterone treated (10 nM) S115 cells (S115+). 1500 
cells were transferred into 96-well culture plates and cells were cultured 
with DEAE-isolated syndecan-1 ectodomain until control (without 

1 5 syndecan-1 ectodomain) cells reached about 75-85% confluence 

(NMuMG cells four days, S1 15+ three days). Then cells were fixed with 
2% paraformaldehyde, stained with 0.5 % crystal violet and washed with 
distilled water. Stained cells were suspended in 10% acetic acid and 
spectrophotometrically measured at 595 nm. 

20 Figure 9 The effect of heparitinase treatment of DEAE-isolated 

syndecan-1 ectodomain on growth inhibition of S115+ cells. S115 + 
cells were cultured with 1 nM DEAE-isolated syndecan-1 from cultured 
medium of Ecto 2 ceils and from the medium of NMuMG cells, or with the 
same preparations pretreated with heparatinase (Seikagaku Kogyo Co.) 

25 1 hour at 370C. 

Figure 10 The effect of immunopurified syndecan-1 ectodomain 
on growth of S1 15+ and NMuMG cells. DEAE-isolated syndecan-1 
ectodomain was further purified with 281-2 immunoaffinity column 
(examples). S115+ and NMuMG cells were cultured with 1 nM 
30 immunoaffinity purified syndecan-1 ectodomain. 



Figure 11 DEAE-isolated syndecan-1 ectodomain but not HS or 
CS GAGs inhibit growth of S1 15+ cells. 
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Figure 12 Growth inhibition of different ceil line cells (CarB, 
MCF-7, S115+ with 10 nM testosterone, S1 15- without testosterone, NIH 
3T3, NMuMG and HaCaT) by 1 nM DEAE-isolated syndecan-1 
ectodomain (examples). Cell growth were analyzed in all panels 
similarly as in panel (A) and it was compared to the cells without 
treatments (% of control, y-axis). Means and SEMs from two parallel 
samples are presented. 

Figure 13. Suppression of tumor growth in nude mice by 
syndecan-1 ectodomain. 

SUMMARY OF THE INVENTION 

The present invention is first directed to a pharmaceutical^ 
acceptable composition containing syndecan ectodomain. 

The invention is further directed to a method for decreasing or 
normalizing tumor cell growth by providing such syndecan ectodomain 
protein to a tumor cell, in the cell's extracellular environment. 

The methods of the inventions are useful with both malignant and 
non-malignant tumor cells, and are especially useful with tumors 
characterized by loss of syndecan-1, such as gliomas, myelomas, 
carcinomas, sarcomas, lymphomas or adenomas. 

DEFINITIONS 

In order to provide a clearer and more consistent understanding of 
the specification and claims, including the scope to be given such terms, 
the following definitions are provided. 

Call growth . By "cell growth" is meant cell replication, or the rate of 
cell division, both controlled and uncontrolled. Therefore, cell growth is 
the rate of division and replication. 

Malignant . By "malignant" is meant uncontrolled cell growth. 

More Differentiated Phenotvoe . In stating that a cell has a "more 
differentiated phenotype" is meant that the cell possesses a phenotype 
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usually possessed by a certain cell type more differentiated than the cell. 
A phenotype can be defined by one or more phenotypic characteristics. 
For example, an epithelial cell shape is a more differentiated phenotype 
of a mesenchymal-Iike shape; therefore, in this example, the "more 
5 differentiated phenotype" is the epithelial cell morphology, rather than a 
mesenchymal-like shape. A terminally differentiated mesenchymal cell is 
a "more differentiated phenotype" than a condensing mesenchymal cell. 
The state of the actin-containing cytoskeleton can also be used; 
disorganized actin filaments are indicators of a less differentiated 
1 0 phelotype than organized filaments. 

Efficacious Amount . An "efficacious amount" of an agent is an 
amount of such agent that is sufficient to bring about a desired result, 
especially upon administration of such agent to an animal or human. An 
efficacious amount of syndecan-1 ecdodomain in the compositions and 
1 5 methods of the invention is the amount sufficient to reduce tumor cell 
growth, preferably to normal growth rates for the specific cell types. 

Administration. The term "administration" is meant to include 
introduction of the syndecan ectodomain according to the invention into 
an animal or human by any appropriate means known to the medical art, 
20 including, but not limited to, injection, oral, enteral, transdermal and 
parenteral (e.g., intravenous) administration. 

Exposure to svndecan ectodomain. By "exposing" a cell to 
syndecan ectodomain in the compositions of the invention is meant that 
the external milieu of the cell is provided with amounts of syndecan 
25 ectodomain that are efficacious in promoting the desired effect, generally 
a lowered growth rate of a tumor cell. 

Pharmaceuticals Acceptable Salt. The term "pharmaceutical^ 
acceptable salt" is intended to include salts of the syndecan ectodomain 
of the invention. Such salts can be formed from pharmaceutical^ 
30 acceptable acids or bases, such as, for example, acids such as sulfuric, 
hydrochloric, nitric, phosphoric, etc., or bases such as alkali or alkaline 
earth metal hydroxides, ammonium hydroxides, alkyl ammonium 
hydroxides, etc. 
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Pharmaceuticallv Acceptable Composition. The term 
"pharmaceutical^ acceptable composition" is intended to include 
solvents, carriers, diluents, and the like, which are utilized as additives or 
vehicles to preparations of the syndecan ectodomain of the invention so 
5 as to provide a carrier or adjuvant for the administration of such 
compounds to patients (human or animal) in need of the same. Such 
additives can perform certain functions, such as, for example, provide 
the proper ionic conditions for administration, stabilize the syndecan 
ectodomain against inactivation or degradation, and/or increase the half- 
1 0 life of the syndecan ectodomain, A pharmaceutical ly acceptable 

composition is medically compatible with the host to which it is being 
administered. 

Treatment. The term "treatment" or "treating" is intended to 
include the administration of the pharmaceutical^ acceptable 
1 5 compositions of the invention comprising efficacious amounts of 

syndecan ectodomain of the invention to a patient for purposes which 
may include prophylaxis, amelioration, prevention or cure of a medical 
disorder, including the suppression of tumor growth. 

Substantially Free of Natural Contaminants. A material is said to 

20 be "substantially free of natural contaminants" if it has been substantially 
purified from materials with which it is normally and naturally found 
before such purification and those contaminants normally and naturally 
found with the substance in vivo or in vitro are substantially absent from 
the final preparation of the material. When administered to a subject in 

25 need of treatment, the syndecan ectodomain of the invention is 
substantially free of natural contaminants which associate with the 
syndecan ectodomain either in vivo (in the host from which the 
ectodomain was isolated), or in vitro (as a result of a chemical 
synthesis). By "substantially absent" is meant that such contaminants are 

30 either completely absent or are present at such low concentrations that 
their presence (1) does not interfere with the desired therapeutic effect of 
the active agent (herein the abiltiy of the syndecan ectodomain to inhibit 
tumor growth) in the therapeutically acceptable composition when such 
composition is administered to a patient in need of same and (2) does 

35 not harm the patient as the result of the administration of such 
composition. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention is the discovery that the ectodomains of the 
syndecans possess certain biological functions and are capable of 
providing such functions to cells when presented to the external surface 
5 of a cell other than the cell that synthesized such syndecan ectodomain. 
Syndecans are membrane bound proteins. It was surprisingly found that 
extracellularly-provided syndecan ectodomain, by itself, is sufficient to 
restore a more differentiated morphology to tumor cells and to suppress 
the growth of malignant cells. The invention herein is exemplified with 
10 syndecan-1. 

All syndecans contain a cytoplasmic domain, a transmembrane 
domain and an extracellular domain. The extracellular domain is the 
ectodomain. As discussed by Jalkanen, et aJ., in Receptors for 
Extracellular Matrix, J. MacDonald & R. Mecham, Editors, Academic 

1 5 Press, San Diego, pp. 1-37 (1991)), the syndecans show highly 

conserved homologous sequences at three separate regions of their 
ectodomains. A dibasic sequence is immediately adjacent to the N- 
terminal end of the hydrophobic transmembrane domain, suggesting 
that it is located next to the outer leaflet of the plasma membrane, and 

20 may serve as a protease-susceptible site, which enables the ectodomain 
to be cleaved intact from the cell surface. 

The core protein of human syndecan-1 contains 310 amino acid 
residues. There is a high degree of structural and functional homology 
between mouse and human syndecan-1 . Human syndecan-1 has an 
25 identical size, charge, buoyant density and GAG composition to that of 
mouse syndecan-1 . Human syndecan-1 ectodomain, like that of the 
mouse, binds to type I collagen fibrils and fibronectin but not to laminin 
or virtronectin. 

The sequence of human syndecan-1 is known and it has been 
30 cloned (Mali et a/., J. Biol. Chem. 265:6884-6889 (1990)). When 

numbered according to Figure 2 in Mali ef ai f J. Biol. Chem. 265:6884- 
6889 (1990), amino acids 1 to 251 are the ectodomain of human 
syndecan-1 (with the secretion-signal attached), the hydrophobic 
membrane-spanning domain contains the next 25 amino acid residues 
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(amino acids 252-276), and the cytoplasmic domain contains the last 34 
amino acid residues (amino acids 277-310). 

The signal peptide sequence is the first 17 amino acids of the 
ectodomain. Although useful to promote secretion of syndecan-1 from a 
5 cell synthesizing the same, the secretion signal is not necessary for the 
tumor growth suppression or differentiation functions of the ectodomain 
of the invention. 

Therefore, the sequence of the ectodomain of the invention 
included those fragments of syndecan amino acid residues 1-251 that 

1 0 retain the GAG attachments sites and desired function of the 

ectodomain, such as, for example, ectodomains having amino acids 1- 
251 (with secretion signal and cleaved at the RK site), 18-251 (minus 
secretion signal but cleaved at the RK site), 1-231 (with secretion signal 
but cleaved at the RR site) and 18-251 (minus secretion signal but 

l 5 cleaved at the RR site). An ectodomain having a carboxy terminal at a 
site anywhere between amino acid residues 231-251, or a secretion 
signal fragment of less than amino acids 1-17 is also useful since those 
embodiments would be expected to retain the biological properties of 
the ectodomain. 

20 Although the human and mouse ectodomains are only 70% 

identical at the amino acid level, all putative glycosaminoglycan (GAG) 
attachments sites are identical between the mouse and human 
sequences. The five possible glycosaminoglycan attachment sites of 
human syndecan ectodomain are at positions 37, 45, 47, 206 and 216. 

25 Two of these sites belong to the consensus sequence SGXG and three 
others to (E/D)GSG(E/D). Also identical between mouse and human 
syndecan are the single site for N-glycosylation and the proteinase- 
sensitive dibasic RK site adjacent to the extracellular face of the 
transmembrane domain. Human syndecan also contains a second 

30 dibasic RR sequence just 18 residues apart from the RK sequence. 

Proteolytic cleavage at this site would also release an ectodomain of the 
invention that contained all GAG sites intact. 

The transmembrane domains of human and mouse syndecan-1 
are 96% identical (the only change in human syndecan is an alteration 
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of an alanine to a glycine) and the cytoplasmic domains are 100% 
identical in mouse and human syndecan. 

Syndecan ectodomain, such as human syndecan ectodomain, 
can be produced by recombinant techniques in any desired host 
5 However, it is preferable, but not necessary, to utilize a host that is of a 
similar cell type to that of the tumor, so as to provide as similar GAG 
composition as possible, to that of the cell in its non-tumor state. Many 
deposited cell lines that are human tissue specific or characteristic of 
different cell types are available. 

1 0 For example, the mouse syndecan- 1 clones of the invention were 

constructed using liposome transfection and geneticin to subsequent 
select stably transfected cells clones. S1 15 cell line clones (see Fig. 3) 
expressing either the wild type mouse syndecan-1 (wild type), a deletion 
mutant with a single arginine residue in the cytoplasmic domain only 

1 5 (tail-less) or the plain ectodomain of syndecan-1 (ecto). Wild type 

syndecan-1 and cytoplasmic deletion mutant (tail-less) were cloned into 
EcoRI site of the pBGS eucaryotic expression vector. The ectodomain 
construct was cloned into pMAMneo vector, in order to obtain efficient 
expression levels also in the presence of hormone since the MMT LTR 

20 promoter is induced by the same steroid hormone as the cells. It is not 
necessary to use this vector as many such expression vectors are known 
in the art. Syndecan-1 expression at the cell surfaces was detected 
using a monoclonal antibody, exemplified using previously described 
mAb 281-2, that recognizes the ectodomain of mouse syndecan-1 core 

25 protein, and actin filaments were visualized using rhodamine- 

conjugated phalloidin, as an indication of the differentiation state and 
growth state of the cell. 

Without testosterone, S115 cells exhibit organized actin filaments 
typical to these cells when epithelioidaL In the presence of testosterone, 

30 actin was disorganized and globular, and the cell surface expression of 
syndecan-1 was also suppressed. Wild type and Tail-less clones 
expressing syndecan-1 at the cell surfaces restored actin filament 
organization in spite of the testosterone treatment. Because transfection 
of Tail-less mutant also induced similar changes as the Wild type 

35 syndecan-1 , S1 15 cells were transfected with the plain ectodomain and 
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more than 50 independent clones secreting different levels of the 
ectodomain into the culture medium were produced. The cell surfaces of 
these cells stained only faintly for syndecan-1 but still these cells 
revealed well organized actin filaments and an epitheloid morphology. 
5 These results indicate that ectodomain of syndecan-1 is sufficient 
enough to restore epithelioid morphology of testosterone treated S1 15 
cells to that of the more differentiated phenotype and is a useful anti- 
cancer drug. 

In non-tumor cells, syndecan is expressed in epithelial cells, 
1 0 mesenchymal cells, pre-B cells and plasma cells, but not by B cells. 
Syndecan is also expressed in tissues that contains cells of this type, 
including human brain tissue. Therefore the methods of the invention are 
especially useful against tumors of the epithelial, mesenchymal, pre-B 
and plasma cells. Most especially, the methods of the invention are 
l 5 useful in slowing the growth of steroid responsive tumors, especially 
estrogen or androgen responsive tumors (tumors that grow better in the 
presence of steroids, estrogn, or androgens as indicated) including 
breast cell tumors, endometrium cell tumors, and tumors of the prostate 
cells. 

20 For treatment of humans and animals, syndecan-1 ectodomain is 

administered in a pharmaceutical^ acceptable solution at levels 
sufficient to restore the normal growth state of tumor, or malignant cells, 
as evidenced by a slower growth rate. The syndecan-containing 
pharmaceutical^ acceptable solution can be administered in any form 

25 that effects prophylactic, palliative, preventative or regressive tumor 
growth. 

The amount of the syndecan ectodomain-1 compositions of the 
invention that is administered to the patient and the duration of such 
administration, can be determined by monitoring tumor growth in the 

30 patient during the course of the administration, and adjusted according 
to the response of the patient. The syndecan ectodomain of the invention 
is preferably provided to the target tumor cell at extracellular 
concentrations about 0.7 nM-1 nM (see Figure 11), but any 
concentration sufficient to decrease growth of the tumor may be used. 

35 The ectodomain can be provided either locally (as with a concentrated 
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clelivery right to the targetted organ) or systemically (such as delivery 
through the blood stream). The dose of syndecan given to the patient 
(either human or animal) will therefore take into account the volume 
(such as blood volume) into which the ectodomain is being 
5 administered, and the type of tumor that is being targeted. For example, 
if a continuous exposure to the syndecan ectodomain is necessary, then 
more frequent dosages will be required than if only a transient exposure 
of the tumor to the syndecan ectodomain is necessary. For example, a 1 
nM amount of syndecan ectodomain having amino acids 1-251 
1 0 corresponds to 0.2 mg/L (200 ^g/L), either in the blood or locally 

concentrated at the site of action. Typical systemic doses of syndecan 
ectodomain useful in the methods of the invention for treatment of 
humans or animals include amounts that provide a final blood 
concentration of most preferably 0.2 mg syndecan ectodomain per liter 

1 5 blood. Blood volume in humans is 6% of the body weight hence a 70 Kg 

person has about 4.2 liters of blood. However, because the effects of the 
syndecan ectodomain are presumably local (e.g. acting at a specific cell 
membrane), sequestered or kinetically determined, the theoretically 
minimum dose can be adjusted upward in order to achieve favorable 
20 therapeutic effects. 

Syndecan ectodomain may be administered by any route that 
delivers efficacious levels of the drug to the desired active site, for 
example, by injection. For parenteral administration, preparations 
containing the syndecan ectodomain may be provided to a patient in 

2 5 need of such treatment in combination with pharmaceutical^ acceptable 

sterile aqueous or non-aqueous solvents, suspensions and emulsions. 
Examples of non-aqueous solvents are propylene glycol, polyethylene 
glycol, vegetable oil, fish oil, and injectable organic esters. Aqueous 
carriers include water, water-alcohol solutions, emulsions or 

30 suspensions, including saline and buffered medical parenteral vehicles 
including saline and buffered medical parenteral vehicles including 
sodium chloride solution, Ringer's dextrose solution, dextrose plus 
sodium chloride solution, Ringer's solution containing lactose, or fixed 
oils. Intravenous vehicles include fluid and nutrient replenishers, 

35 electrolyte replenishers, such as those based upon Ringer's dextrose 
and the like. 
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The syndecan ectodomain containing medicament (the 
pharmaceutical^ acceptable solution containing the therapeutically 
active syndecan-1 ectodomain) can be administered by means of 
catheters or pumps, especially when it is desired to deliver the 
5 ectodomain at localized high concentrations. The syndecan-1 
ectodomain-containing medicament can be administered 
subcutaneously or directly into soft tissue by means of implantaion 
devices inert to body fluids. Such devices and implantation systems are 
known in the art, A ceramic sytem for delivery proteins is described, for 
1 0 exmaple, in WO 92/001 09. 

The syndecan-1 ectodomain containing medicament can be 
administered by providing such molecule as a part of a chimeric 
molecule (or complex) which is designed to target specific organs, for 
example, as part of an antibody that recognizes determinants on the 
l 5 target tissue or organ or cell, in its tumor or nontumor state. 

The pharmaceutical^ acceptable solution confining the 
sydnecan-1 ectodomain can be administered topically. Although 
syndecan-1 ectodomain can be administered to a patient in a regime 
that includes other cancer fighting drugs, optimal administration of the 
20 syndecan-containing compositions of the invention are especially useful 
in this regard. 

Topical adminsitration is preferably accomplished in one of two 
ways. First the therapeutically active syndecan ectodomain can be 
mixed with suitable pharmaceutially acceptable carriers and (optionally), 

Z5 penetration enhancers to assist in the delivery of the active agent across 
the skin, to form ointments, emulsions, lotions, solutions, creams, gels or 
the like, and the preparation itself is then applied to a certain area of 
skin. Alternatively, the therapeutically active syndecan ectodomain can 
be incorporated into a patch or transdermal delivery system according to 

30 known technology for the preparation of such patches and delivery 
systems. 

Administration in a sustained-release form is more convenient for 
the patient when repeated injections for prolonged periods of time are 
needed, or when continuous exposure of the tumor cell to the 
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ectodomain is desired. In intravenous dosage forms the compositions of 
the present invention have a sufficiently rapid onset of action to be useful 
in the acute management of tumor growth. 

Administration may be localized directly to the cell if the cell is 
5 associated with a tissue or bodily organ, or administration can be 
systemic, in a medium in which the cell is found, such as the blood or 
cerebrospinal fluid. Systemic administration throughout the patient's 
body, for example, by administration to the bloodstream, facilitates 
treating patients for whom tumor cells may be at more than one site in 
1 0 the body. 

Providing syndecan ectodomain as the product of a syndecan 
ectodomain expression construct that secretes ectodomain in efficacious 
amounts is also considered "administration." For example, 
administration across the blood brain barrier can be achieved by 

1 5 utilizing known viral vector systems to deliver syndecan ectodomain 
DNA in a manner that expresses ectodomain and secretes it to the 
extracellular environment, such as, for example, in the retroviral systems 
described in WO 93/03743, WO90/09441, Breakefield, X.A. at al., The 
New Biologist 3:203-218 (1991) and Huang, Q. et al., Exp. Neurol. 

20 7 75:303-316 (1992). 

The pharmaceutical^ acceptable composition of the invention, 
containing the syndecan-1 ectodomain can be manufactured in a 
manner which is in itself known, for example, by means of conventional 
mixing, dissolving, lyophilizing or similar processes. The compositions 

25 of the present invention that provide the syndecan-1 ectodomain find 
utility in their ability to slow or prevent tumor growth or tumor 
reappearance, and in their ability to alter the phenotype of the cell to that 
a more differentiated state, in both human and animal patients. The 
syndecan-1 ectodomain compositions of the invention utilize the body's 

30 own mechanisms for promoting differentiation of specific cell types to its 
maximum potential. 



The compositions and methods of the invention are not meant to 
be limited to syndecan-1. Syndecan-1, syndecan-2, syndecan-3 and 
syndecan-4 are known to contain similar domain structures. It is known 
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that differentiation of certain cell types is associated with the loss of 
syndecan-1 but with the appearance of another member of the syndecan 
family (Bernfield, O., etal., Annu. Rev. Cell Biol. 3:365-393 (1992)). For 
example, when bronchial epithelia form buds, lung mesenchyme loses 
5 syndecan-1 but acquires syndecan-2. In tumors from cell types that lose 
syndecan-1 upon differentiation but express a different syndecan, 
utilization of the ectodomain from the syndecan that is expressed in the 
differentiated state would be indicated. 

The examples below are for illustrative purposes only and are not 
1 0 deemed to limit the scope of the invention. 

EXAMPLES 

The following examples are intended to illustrate, but not to limit 
the invention. 

EXAMPLE 1 
15 Deletion mu tant svndecan constructs 

Using liposome transfection and subsequent selection of stably 
transfected cells clones by geneticin as described by Leppa et al., Proc. 
Natl. Acad. ScL U.S.A. 89: 932 (1992), S1 15 cell line clones (see Fig. 3) 
were produced that expressed either the wild type mouse syndecan-1 
20 (Wild type), a deletion mutant with a single arginine residue in the 

cytoplasmic domain only (Tail-less) or only the ectodomain of syndecan- 
1 (Ecto 2; see Fig. 3). These three forms and the hosts were constructed 
as follows. 

The full-length mouse syndecan-1 cDNA, as described in Mali et 
25 al, J. Biol. Chem. 268:2421 5-24222 (1993) was cloned into the EcoRI 
site of Bluescript SK+ (Promega). 

1 ) The EcoRI insert of the Bluescript construct was cloned into the 
EcoRI site of the pBGS vector (Mali et al., J. Biol. Chem. 265:24215- 
24222 (1 993)) and the orientation was confirmed. This construct was 
30 designated "Wild-type." 
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2) A mutagenic 25-base oligonucleotide having the sequence: 
5'G CTG TAG C GC TAG CA G AAG AAG GAC-3 f [SEQ ID No, 1], 
containing a stop codon and a Nhel restriction site (underlined) was 
used to convert the codon for the second amino acid (methionine) of the 
5 cytoplasmic domain following the transmembrane domain to a stop 
codon. The mutation was confirmed by restriction digestion and dideoxy 
sequencing. The EcoRI insert of the Bluescript construct was cloned into 
the EcoRI site of an amplifiable pBGS vector (Mali et aL, J. Biol. Chem. 
268:24215-24222 (1993)). This mutant syndecan-1 containing one 
1 0 amino acid (arginine) in its putative cytoplasmic domain was designated 
Tail-less." 

A mutagenic 33-base oligonucleotide 
5'-GACACCTCCCAGIACTCACTTCCTGTCCAAAAG-3' [SEQ ID No. 2] 
containing a stop codon (bolded) and a Seal site (underlined) was used 

1 5 to convert the first codon (E) after the dibasic protease sensitive site of 
the ectodomain to a stop codon. The mutation was confirmed by 
restriction digestion and dideoxy sequencing. This was the Bluescript- 
ecto construct. The EcoRI insert of the Bluescript-ecto construct was 
cloned into the EcoRI site of pJC1 1 9R vector (Miettinen et aJ. f J. Cell ScL 

20 107: in press, (1994)). Xhol digested ecto insert from pJC119R-ecto 
construct was ligated into Xhol site of pMAMneo eucaryotic transfection 
vector, available from Clontech, Palo Alto (Leppa et aL, Proc. Natl. Acad. 
ScL U.S.A. 89, 932 (1992)), and the orientation was confirmed by 
restriction digestions. 

25 EXAMPLE 2 

Expression of mutant svndecan-1 normalizes malignant growth in S115 
cells 

Wild type syndecan-1 and cytoplasmic deletion mutant (Tail-less) 
were cloned into the EcoRI site of the pBGS eucaryotic expression 

30 vector (Mali et al. v J. Biol. Chem. 268: 24215 (1993), but the ectodomain 
construct was cloned into pMAMneo vector, in order to obtain efficient 
expression levels also in the presence of hormone (personal 
communication, S. Ala-Uoti, Turku Centre for Biotechnology) .The pBGS 
system is not repressed by testosterone. Syndecan-1 expression at the 

35 cell surfaces was detected using mAb 281-2 (Jalkanen et al. ff J. Cell Biol. 
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101: 976 (1985)) that recognizes the ectodomain of mouse syndecan-1 
core protein, and actin filaments were visuaiized using rhodamine- 
conjugated phalioidin. 

Cells (S115+, wild type, tail-less and Ecto 2) were cultured four 
5 days on coverslips in DMEM-5% FCS-1mM Na-pyruvate with 10 nM 
testosterone, except S115- cells which were cultured without 
testosterone in DMEM-4% DCC-FCS (Dextran-Coated-Charcoal 
treatment eliminates endogenous steroids from serum) with 1mM Na- 
pyruvate. Cells were fixed with 0.1% Triton-X-1 00, 2% 

1 0 paraformaldehyde and incubated with rhodamine-conjugated phalioidin 
(Sigma). Cell surface syndecan-1 expression was visualised by 
incubating living cells for 1 hour on ice with rat mAb 281-2 (recognizes 
mouse syndecan-1 ectodomain); they were then fixed with 2% 
paraformaldehyde and bound mAb 281-2 was visuaiized using FITC- 

1 5 conjugated rabbit anti-rat IgG. 

Without testosterone S115 cells exhibited organized actin 
filaments typical to these cells when epithelioidal. In the presence of 
hormone actin was disorganized and globular, and the cell surface 
expression of syndecan-1 was also suppressed as shown earlier by 
20 Leppa et al., Cell Reg. 2.1 (1 991 ), Fig. 4. 

Wild type and Tail-less clones expressing syndecan-1 at the cell 
surfaces restored actin filament organization in spite of the testosterone 
treatment, Fig. 4. 

EXAMPLE 3 

25 Effect of secreted svndecan-1 ectodomain on cultured S1 15 cells 

Because transfection of the Tail-less mutant induced changes 
similar to those of the wild type syndecan-1 , S1 1 5 cells were transfected 
with the ectodomain. More than 50 independent clones secreting 
different levels of the ectodomain into the culture medium (see Figure 5, 
30 6 and 7) were produced. The cell surfaces of these cells stained only 
faintly for syndecan-1 but still these cells revealed well organized actin 
filaments and an epitheloid morphology (Fig. 4). These results 
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suggested that ectodomain of syndecan-1 is sufficient enough to restore 
epithelioid morphology of testosterone treated S115 cells. 

To analyze in detail Ecto clones, amounts of secreted syndecan-1 
ectodomain from the culture media were measured by enhanced 
5 chemiluminescence method using mAb 281-2 against ectodomain of 
syndecan-1 core protein. Two separate stably transfected cell clones 
secreting high amounts of syndecan-1 into the culture medium (Ecto 2 
and Ecto 23) and two cell clones with low expression (Ecto 1 5 and Ecto 
34) were selected for further analysis (Fig. 5). ;4 

1 0 A clear correlation between syndecan-1 ectodomain expression 

and re-organization of actin filaments was detected in the presence of 10 
nM testosterone: Ecto 15 and Ecto 34 with low syndecan-1 expression 
had disorganized, mainiy globular actin, but Ecto 2 and Ecto 23 clones 
expressing syndecan-1 ectodomain exhibited epithelioid morphology 

1 5 with organized actin filament bundles (Fig. 6). Enhanced expression of 
intact syndecan-1 has been shown previously to suppress tumor growth 
of testosterone-treated S115 cells (Leppa et al, supra), and now also 
Ecto 2 and Ecto 23 clones with high syndecan-1 ectodomain expression 
restricted their growth in soft-agar. The low syndecan-1 ectodomain 

20 expressing clones Ecto 15 and Ecto 34 clones, however, demonstrated 
soft-agar growth typical to parental S1 15 cells (Fig. 7). Soft agar 
experiment indicated that in addition to morphology, syndecan-1 
ectodomain expression is sufficient to restrict also the tumorigenic 
growth of S1 15 cells. 

25 EXAMPLE 4 

Isolation and purification of svndecan ec todomain from Ecto cell cultures 

Because syndecan-1 ectodomain seemed to be responsible for 
the suppression of the malignant growth behavior of androgen treated 
S115 cells, we collected conditioned medium from Ecto cell cultures for 
30 ectodomain isolation. Conditioned cell culture medium was denatured 
with 2M urea and boiling, before loading to DEAE-sephacel column, 50 
mM Na-acetate (pH=4,5) was added and medium was chilled to +4°C. 
The column was washed with 0.2 M NaCI, 2 M urea, 50 mM Na-acetate 
(pH=4.5), and the bound material was eluted using 1 M NaCI, 2 M urea, 
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50 mM Na-acetate (pH=4.5). Fractions containing syndecan-1 
ectodomain was dialyzed against phosphate buffered saline (PBS) at 
40C. Amount of syndecan-1 ectodomain in fractions was estimated by 
slot-blotting and subsequent enhanced chemiluminescence method 
5 using mAb 281-2 (Example 2 and Miettinen, H.M. et aL, J. Cell Sci. in 
press (1994)) and comparing the amount to the known syndecan-1 
standard. 

Ectodomain of syndecan-1 from cultured medium of Ecto cells 
was biochemically similar to the syndecan-1 ectodomain isolated from 

1 0 normal murine mammary epithelial cells (NMuMG). After isolation, the 
syndecan-1 content of the preparate was measured and the preparate 
tested on hormone-treated S1 15 cells. As shown in Fig. 8 f 
concentrations of the DEAE-isolated syndecan-1 ectodomain as low as 
1 nM suppressed the growth of testosterone treated S1 15 cells (Fig. 8). 

1 5 The same concentration only slightly inhibited the growth of NMuMG 
cells, which served as normal epithelial cells (Fig. 8). Syndecan-1 
ectodomain was also isolated from the culture medium of NMuMG cells, 
and also with this preparate, a 1 nM concentration inhibited growth of 
hormone-treated S1 15 cells (Fig. 9). Treatment of the DEAE-isolated 

20 ectodomain with heparitinase totally abolished the growth inhibitory 
activity of these preparates (Fig. 9), suggesting that the core protein of 
syndecan-1 as such was not involved. 

The DEAE-isolated syndecan-1 ectodomain was further purified 
using a mAb 281-2 immunoaffinity column: DEAE-isolated syndecan-1 

25 ectodomain in PBS was loaded onto a mAb 281-2-Sepharose CL-4B 
immunoaffinity column as described in Jalkanen et at., J. Cell Biol. 105: 
3087 (1987), and the bound material was eluted with 50-mM 
triethylamine (pH»11.5). Fractions containing syndecan-1 ectodomain 
were dialyzed against distilled water and subsequently lyophilized. After 

30 that syndecan-1 ectodomain suspended in DMEM (Gibco) and the 
amount was estimated, as described above. Again, at 1 nM 
concentrations of this immunoaffinity purified syndecan-1 ectodomain, 
growth inhibition of testosterone-treated S115 cells was observed and 
only a mild effect was evident with NMuMG cells (Fig. 10). On the other 

35 hand, heparin sulfate (HS) or chondroitin sulfate (CS) 

glycosaminoglycan chains alone did not suppressed S115 cell growth, 
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even if used at thousand-fold higher concentrations than syndecan-1 
ectodomain (Fig. 11). 

EXAMPLE 5 

Effect of isolated s vndecan-1 ectodomain on cultured cell lines 

5 The inhibitory effect of the isolated syndecan-1 ectodomain was 

also tested on several other cell lines. These included poorly 
differentiated squamous cell carcinoma cells (CarB), human mammary 
tumor cells (MCF-7; ATCC HTB 22), S115 cells with (S115+) and without 
hormone (S115-), NIH 3T3 fibroblasts (ATCC CRL 1658), normal 
1 0 mammary epithelial cells (NMuMG; ATCC CRL 1636), and human 
keratinocyte cells (HaCaT; Fig, 12). 

Cells were cultured and analyzed as described in Rg. 8 in the 
following mediums during the indicated periods of time: CarB cells (M. 
Quintanilla, K. Brown, M. Ramsden, A. Balmain, Nature 322, 78 (1991)) 
1 5 were cultured in HAM-F12-10% FCS for four days; MCF-7 cells in 

DMEM-5% FCS supplemented with 10 nM estradiol (E2) and 10 |ig/ml 

insulin for 4 days; S1 15+ and S1 15- cells were cultured as in Rg. 3 for 
three days; NIH 3T3 cells in DMEM-5% FCS for 4 days, NMuMG and 
HaCaT cells in 10% FCS-DMEM for 4 days. Because S1 15- cells have 
20 much slower growth rate than S1 15+ cells, 3000 S1 15- cells (other cell 
lines 1500 cells) were proportionally added to the well, so as to provide 
comparable results with the S1 15+ cells. Therefore, for S1 15- cells, 
3000 ceil were transferred to the plate as opposed to 1 ,500 cells for the 
other samples. 

25 Those cell lines which form tumors (CarB, MCF-7, S1 15+), 

revealed strong growth suppression when exposed to syndecan-1 
ectodomain at a 1 nM concentration (Fig. 12). In constrast, only 
moderate or no inhibition was observed with rest of the tested cell lines 
(S115-, NIH 3T3, NMuMG, HaCaT; Fig. 12), which all are all regarded as 

30 non-tumorigenic. Hormone exposure doubles the growth rate of S115 
cells (Leppa et al M supra) but if syndecan-1 ectodomain is included in 
the cultures, the growth of S1 15 cells without androgen was 5.4 times 
higher than the growth of the same S1 15 cells with testosterone (Fig. 
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12). This was due to inhibition of the "malignant" behaving S1 15+ cells 
and undisturbed growth of epitheloid S115- cells. 

EXAMPLE 6 

Su ppression of tumor in vi vo-growth bv svndecan-1 ectodomain 

5 The ecto construct was made as described in earHer examples 

using the full length mouse syndecan-1 cDNA cloned in the Bluescript 
SK+ vector (10) and a mutagenic 33-base oligonucleotide 
5'-GACACCTCCCAGTACTCACTTCCTGTCCAAAAG-3' 
[SEQ ID No.: 2] containing a stop codon (Bold) and a Seal site 

1 0 (CAGTAC) to convert the first amino acid (E) after the dibasic protease- 
sensitive site of the ectodomain to a stop codon. The mutation was 
selected by restriction digestion and confirmed by dideoxy sequencing- 
Wild type syndecan-1 and the cytoplasmic deletion mutant were cloned 
into the EcoRI site of the pBGS eukaryotic expression vector (Mali et al. f 

1 5 J. Biol. Chem. (1993) 268, 24215-24222). The ecto mutant was ligated 
into the Xhol site of the pMAMneo eucaryotic transfection vector (Leppa 
et al., PNAS (1992) 89, 932-936) because we knew that pMAMneo 
transfected S1 15 cells work well in a bioreactory system (personal 
communication, Sari Ala-Uotila, Turku Centre for Biotechnology). S115 

20 cells were transfected using liposome transfection and subsequent 

selection with Geneticin as described earlier (Leppa et al. f PNAS (1992) 
89, 932-936). 

S115 cells and transfection cell clones were cultured in DMEM- 
5% FBS-1 mM Na-pyruvate with 10 nM testosterone, except for S115- 
25 cells which were cultured without testosterone in DMEM-4% DCC-FBS 
(Dextran-Coated-Charcoal treated-fetal bovine serum, eliminates 
endogenous steroids from serum) with 1mM Na-pyruvate. 

For tumor growth subconfluent cultures were detached with 
trypsin, washed with DMEM and counted with Coulter Counter (Coulter 
30 Electronics). Cells were resuspended in DMEM at a density of 5 x 10 7 /ml 
and kept on ice until injection. Athymic male nude mice (nu/nu- 
BALB/cABom) between 6-8 week old (Bomholtgard, Rye, Denmark) 
were injected subcutaneously with 0.2 ml of the cell suspension. A 
silastic testosterone capsule was simultaneously implanted. Nude mice 
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were observed regularly for tumor development and the size of the 
tumors was measured at intervals in two perpendicular dimensions. 
When the animals were sacrificed, the lung and liver was evaluated for 
the possible appearance of metastases. The tumor sizes were measured 
5 on days 6, 11 and 15 after injcetion and are blotted as means of five 
individual tumors in Figure 13. The ectodomain transfected cells formed 
only acute inflammatory reaction and did not reveal tumor growth, 
opposite to wild type cells, which formed rapidly growing tumors. This 
experiment shows the efficacy of syndecan-1 ectodomain as a tumor 
1 0 suppressive agent in vivo. 

All references cited herein are fully incorporated herein by 
reference. Having now fully described the invention, it will be understood 
by those with skill in the art that the scope may be performed within a 
wide and equivalent range of conditions, parameters and the like, 
1 5 without affecting the spirit or scope of the invention or any embodiment 
thereof. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 
<i) APPLICANT: 

(A) NAME: Jalkanen, Markku 

(B) STREET: Rauvolantie 

(C) CITY: PIISPANRISTI 

(E) COUNTRY: FINLAND 

(F) POSTAL CODE (ZIP) : FIN-20760 

(A) NAME: Mali, Markku 

(B) STREET: Inkereentie 176 

(C) CITY: SALO 

(E) COUNTRY: FINLAND 

<F) POSTAL CODE (ZIP) : FIN-24280 

(ii) TITLE OF INVENTION: SUPPRESSION OF TUMOR CELL GROWTH BY 

SYNDECAN-1 ECTODOMAIN 

(iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.25 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: WO TO BE ASSIGNED 
(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/258862 

(B) FILING DATE: 13-JUN-1994 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
GCTGTACCGC TAGCAGAAGA AGGAC 



(2) INFORMATION FOR SEQ ID NO : 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: NUCLEIC ACID 
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(C) STRANDEDNESS : both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GACACCTCCC AGTACTCACT TCCTGTCCAA AAG 
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WHAT IS CLAIMED IS: 

1. A method of decreasing the growth of a tumor cell wherein said 
method comprises providing efficacious levels of syndecan ectodomain 
to the extracellular environment of said cell. 

5 

2. The method of claim 1 , wherein said cell is selected from the 
group consisting of epithelial cells, mesenchymal cells, pre-B cells and 
plasma cells. 

1 0 3. The method of claim 2 ( wherein said cell is selected from the 
group consisting of a breast cell, an endometrium cell and a prostate 
cell. 

4. The method of claim 3, wherein said cell is steroid-responsive. 

15 

5. The method of claim 4, wherein said steroid is estrogen or 
androgen. 

6. The method of claim 1, wherein said cell is a human cell. 

20 

7. The method of claim 6, wherein said syndecan ectodomain is that 
of the human syndecan-1 of Figure 1 . 

8. The method of claim 7, wherein said ectodomain comprises 
25 amino acids 18-231 of figure 1 but not the transmembrane or 

cytoplasmic domain as shown in amino acids 252-310 of Figure 1. 

9. The method of claim 8, wherein said ectodomain comprises 
amino acids 18-251 of Figure 1. 

30 

10. A method for treating a patient in need of treatment to 
reduce or suppress the growth of a tumor in said patient, wherein said 
method comprises administering to said patient, a composition that 
comprises efficacious levels of syndecan ectodomain to the extracellular 

35 environment of said cell. 
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1 1 . The method of claim 1 0, wherein said cell is selected from 
the group consisting of epithelial cells, mesenchymal cells, pre-B cells 
and plasma cells. 

5 

12. The method of claim 11, wherein said cell is selected from 
the group consisting of a breast cell, an endometrium cell and a prostate 
cell. 

10 13. The method of claim 12, wherein said cell is steroid- 
responsive. 

14. The method of claim 13, wherein said steroid is estrogen or 
androgen. 

15 

15. The method of claim 10, wherein said cell is a human cell. 

16. The method of claim 15, wherein said syndecan 
ectodomain is that of the human syaSecan of Figure 1 . 

20 

17. The method of claim 16, wherein said ectodomain 
comprises amino acids 18-231 of Figure 1 but not the transmembrane or 
cytoplasmic domain as shown in amino acids 252-310 of Figure 1. 

25 18. The method of claim 17, wherein said ectodomain 
comprises amino acids 18-251 of Figure 1. 

19. A pharmaceutical^ acceptable composition for 
administration to a patient, said composition comprising a protein having 

30 a domain consisting of the syndecan ectodomain. 

20. The pharmaceutical^ acceptable composition of claim 19, 
wherein said syndecan is human and having the sequence shown in 
Figure 1 . 

35 



21. The pharmaceutical ly acceptable composition of claim 20, 
wherein said ectodomain comprises amino acids 18-231 of Figure 1 but 
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not the transmembrane or cytoplasmic domain as shown in amino acids 
252-310 of Figure 1. 

22. The pharmaceutical^ acceptable composition of claim 20, 
5 wherein said ectodomain comprises amino acids 18-251. of Figure 1. 
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1 ggagaggtgcgggccgaatccgagccgagcgagaggaatccggcagtagagagcggactc 
cagccggcggaccctgcagccctcgcctgggacagcggcgcgctgggcaggcgcccaaga 
gagcaccgagcagcggaacccgcgaagccggcccgcagccgcgacccgcgcagcctgccg 
ctctcccgccgccggtccgggcagcatgaggcgcgcggcgctctggctctggctgtgcgc 

MRRAALWLWLCA 
gctggcgctgagcctgcagctggccctgccgcaaattgtggctactaatttgccccctga 

LALSLQLALPQI VATNLPPE 
301 agatcaagatggctctggggatgactctgacaacttctccggcccaggtgcaggtgcttt 

dodg§gdosdnfQg®ga-gal 
gcaagatatcaccttgtcacagcagaccccctccacttggaaggacacgcagctcctgac 

OD I TLSOOTPSTWKDTQLLT 
ggctattcccacgtctccagaacccaccggcctggaggctacagctgcctccacctccac 

AIPTSPEPTGLEATAASTST 
cctgccggctggagaggggcccaaggagggagaggctgtagtcctgccagaagtggagcc 
-LPAGEGPKECTAVVLPEVEP ]J2 
tggcctcaccgcccgggagcaggaggccaccccccgacccagggagaccacacagctccc 

CLTAREQEATP RPRETTQLP 132 
fiOl gaccactcatcaggcctcaacgaccacagccaccacggcccaggagcccgccacctccca - 

TTH Q. ASTTTAT TAQEP ATSH 
cccccacagggacatgcagcctggccaccatgagacctcaacccctgcaggacccagcca 

PHRD MQPCHHETSTP A GPSO 172 
agctgaccttcacactccccacacagaggatggaggtccttctgccaccgagagggctgc 

AOLHTPHTEOGGPS ATERAA 192 
tgaggatggagcctccagtcagctcccagcagcagagggctctggggagcaggacctcac 

EOGASSQLPAAEG©GEQOrT 
ctttgaaacctcgggggagaatacggctgtaotggccgtggagcctgaccgccggaacca 

rET©GENTAVVAVC^PORRN Q 232 
901 gtccccagtggatcagggggccacgggggcctcacagggcctcccggacaggaaagaggt 

SPVDQGATGAj|QGLI»DRKEV 2 52 
gctgggaggggtcactgccggaggcctcgtggggctcatctttgctgtgtgcctggtggg 

LGGVIAGGLV CLirAVCLVC 
tttcacgccgtaccgcatgaagaagaaggacgaaggcagctactccttggaggagccgaa 

P M L Y RMKKKDEGSYSLEEPK 29 £ 
acaagccaacggcggggcctaccagaagcccaccaaacaggaggaattctatgcctgacg 

QANGGAYQKPTKQEEFYA # 
cgggagccatgcgccccctccgccctgccactcactaggcccccacttgcctcttccttg 
aagaactgcaggccctggcctcccctgccaccaggccacctccccagcattccagcccct 
ctggtcgctcctgcccacggagtcgtgggtgtgctgggagctccactctgcttctctgac 
ttctgcctggagacttagggcaccaggggtttctcgcataggacctttccaccacagcca 
gcacctggcatcgcaccattctgactcggxttctccaaactgaagcagcctcrccccagg 
cccagctctggaggggagggggatccgactgctttggacctaaatggcctcatgtggctg 
gaagatctgcgggtggggcttggggctcacacacctgtagcacttactggxaggaccaag 
catcctgggggggtggccgctgagtggcagggacaggagtcactrtgrtttcgtggggagg 
tctaatctagatatcgacttgtttttgcacatgttccccctagttctttgrttcacagccc 
agtagaccttgttacttctgaggtaagttaagtaagttgattcggtatccccccatcttg 
cttccctaatctatggrccgggagacagcaccagggttaagaagacttttttttttttttt.^ 
ctaaactaggagaaccaaatctggaagccaaaatgtaggcttagtttgtgtgttgtctct"*" 
tgagtttgxcgctcatgrgtgcaacagggtatggaccatctgtctggtggccccgtttct 
ggtggtctgttggcaggctggccagtccaggctgccgtggggccgccgcctctttcaagc 
agtcgtgcctgtgtccacgcgctcagggccatgctgaggcctgggccgctgccacgttgg 
agaagcccgtgtgagaagtgaatgctgggactcagccttcagacagagaggactgtaggg 
agggcggcaggggcctggagaccctcctgcagaccacncccgtcctgcctgrgcgccgtc 
tccaggggctgcttcctcctggaaattgacgaggggtgtcttgggcagagctggctctga 
gcgcccccatccaaggccaggttctccgrtagctcctgtggccccaccctgggccctggg 
ctggaatcaggaatattttccaaagagtgatagtcttttgcttttggcaaaactctactt 
aacccaatgggrttttccctgxacagtagattttccaaatgtMtaaactttaatataaa 
2401 gtaaaaaaaaaaaaaaaaaaaaaaaaaaaa ""^~™ ~"~ 
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SSSSSSSSZ SS=SS =555=5 
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11 ===== iSiS HSSSS iEfeiii 
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-1758 eeaSfeSJSESSS JSS«oaa™^ CCC ^ atcetct 9S"^tagt cagtgctcttalclcctgaj 
-1678 gaccatagcctcetttet?t tESESEZS* 9 a °P a Cca ««SC«Cgtagggtgc ctgggetctgaggteaacag 
-1598 tffatcSSSSSSSS SS^S™!!-' c « tot **W**«*cttcg ttocctetfeLSgtetS 
-1518 cttcctgSLccgtctScI ISccI?«II™«^ sctggecaegtttaaaacat gaaacagcctcateageecc 
-1438 cetecaCtateZreeS! ^SSSS^^Z tgagaggacaggaaggtaaa ataccaaagtgtcctatttt 
-1358 ggtcctaagcettlftgagt SHSeta^fH?*^ agatcccaaagceactgtgtt taggaggcacctgcttttea 
-1278 cfegtaegtigccSSgSJ SStSaa™^!™ «caagaccctcaaggatct aggcaagaactgggcaggat 
-1198 caactgaatTCtaattattS f«~~?£ g ^ g 9agaC3 ccaa "S9gagagtttcctg aggacaaaagtgttcaaaca 
-1118 cSS5SSS2S SSaSSr 88 * 868 ? •WB'-WWeegtt ga*tCccca|aaggSJgS 
-1038 mASSSSSSSS SSSSSSS StSSSSl* 861 ^ «^c«WCca!lcgIS t 

3S SF?™- =====ss 

I?!! ?SSgg™™ gaS Sr S; ™ SUSSES fl^fgga^S?: 
-638 ? Mto,tMt « ttt « ~taataa?la to a?I"Ia 

-S58 aaggaccaagac««gggg 5SS2£S2^ ^"Sfftetttaaaggtctg gagttcccagcaattaagca 
-478 agcctcatcactataaollf c< =tcag cccgtg gggaggtgggaaceatacae cgatcccteggcttatatat 

-398 g!SS5E2235 22K235S2^ T^*" - "^^ tggg t g tC cfIgcccagagg 

•in vssssssS: S™™ ^ssssss^ sssssss 
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24 3 GAGACGCGCCCCGCTCTGGC TCTGGCTCTCCCCCCTCCCC CTCCCCCTCCACCCTCCCCT CCCCgtgaaca^,- 

cArgArgAlaAlaLeuTrpL euTrpLeuCysAlaLeuAla LeuArgLeuGlnProAlaLe uPro 9 gagCgCggccc 99g 
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gcagggctgggaggcggcgg 

a gcggggac t t c 1 1 cc cgcg 

acggtccgtggatgccagga 

cccaattaagtaaaacgact 

tgctctctcccgttgctgtc 

ccaaacgccttttccataga 

cc 1 1 1 gcaccggggcaag 1 t 

acgggattaaggctgtttgt 

gccgagctggcagcgggagg 

agttgtgctgcccccggagg 

tcccctcccccgactcggct 

gaaagagggacgaacgtgga 

ggtctctctaatcagcggct 

tcgctagcccgccttcccaa 

cttgacgtgggccgggtcct 

tgtgaagtcccgggtgtcct 

tatcctcccggaagtggcag 

cacagggaaggagagttgag 

gttaatgcattgccttcgct 

gtattgeccatgagttgggg 

ctgtgcactcctggctttaa 

tagttaccactgtggagaag 

ctaggcccaacgtgaggcct 

gttctcttccctggtgtctt 

gacaactagaggtggcgttt 

gtagaattatctcaatggaa 

gacteccacttggaggcaag 

caaacaaacaaaaaaaaacc 

tgaaaaatgaaggcagctgg 

ctccctaagctcctgtggga 

gaatggggaaggggggggga 

cagtgtcctgtggtettctg 

ttccefcttctttectetcce 

gtgggggaggcctgtgcttg 

cggctcttgatgggceacaa 

tgatgtttttcctttttttt 

ggattcctgaagtcctttga 

aagtatecttggttgttttt 

ggctgccetggaactcaata 

gcctaaaggtgtaggccacc 

cctttctgttatcttcaaca 

caagcagtctcctggttttt 

tccttctcagtctttggcag 

1 1 1 at cagac t gaaaaacaa 

gtgtgggtctgatgtccctc 

acagaagcgtgctgcccacc 

cggtgggagatgcacacaat 

atcagctccagctgccctgg 

gagactgatccteactcggt 

gagccaccatatgcgactga 

ttagtgtatgttttagttcg 

agcagagcctcacactgaag 

ccccatctgtagagtagaca 

gtgcaaaagtgctttgtaag 

ctgttgtgtgtggggttggg 

aagcctttatggtatgtatc 

tgtgcgtgctctcgtgctca 

ctgtgagccctgcctggagt 

tggctgtagcctaeattgtg 

gttgcttgggtacagctaag 

gtcttgggtggtacctgctt 

tgccagccctgggaggcggg 



gaagccgggactcgccaccc gccgacgccacgcaggcggc 
ctgcctggcggaccccggga tggcgagcccettaatgagg 
ggctatcccagctcgtggtc cgggcgtcctgcagagcgga 
ccacaggggtctgagtcgcc ggccttaggcgccccgccgg 
ttgctggccatctcagcggc ctggcctccgccagtgtccc 
ccctaattcaaaccagactg caggctgcaeccccagcgcc 
tgggcacagcagagccggcg cgggaacagggggaagctga 
gggacacaagagggcggctc agggacttcggtttttctct 
ttccgggaagttggcttcag aacgctgaagaccctaagaa 
gcctcctccgcatggcccgc gcgggggaccctccccgcga 
ttgtgctgaagccgcgcgta gggaaggcgggtcccttggc 
gctggcgactggtgggggaa gcttctgggtaggacgcagc 
tggcgacaaagagcttggtc gagggtaccccagaaagtgc 
cgggcgctttgttctcggcc cctgcaacccttccctggga 
999 1 cgccgccagtg tcagc get geect cegg tgtccacg 
ttccactggcgctttgccca acccctggaaggcagaggcg 
tctcccaccgccacatctgg tctgcttaacttcgatagtc 
cgctggtagataccaaggtc gtgtacaaataaagtggcac 
ccttcccaggtggctggtgc tctccatcactctggagccc 
ttgtgtgggggcgccaaatc agggttctctgggagggcta 
ggttcaagaaattgtttgag ggttgtggtttttgtgggac 
aaagtggagctacttagcat gcctccccggcccgcctggc 
cactggggcagtacagatgc agtactgaatttctttccag 
tagagaggcagatattcctg tgacctaagcccctcaagca 
tccggaacttcctgtgtgct ggcctgggaggttgaaccct 
ggcttcctggaggaagaaga tgagctgagcccccaggtca 
agtgttcgttfctacfcttttt tttttaagtttagtttattt 
ccacattgtttaaaagtggg tgcataagagtgaggacata 
gatttacttaaaatgagagc aeacatcacaattgceagag 
agcaggtcagacagccctgg ggaccagagagatagggagt 
gctgctgggatcagaggctg ctagcaactactccccagag 
tttctcctatatagaatagg agaaatggfctatttgctetg 
ttactgtaatcatttggact agfcagagaeactttccccag 
catgatgtcactgctggctt cagetctccagggagggtgg 
taaaacctcattaacacaca ctggtagggagaagggactg 
tttttttttttttggcagta ctttctagatctcccctcce 
gaatgtataatggtagccag actttttttttttcagtcag 
tgttgttgttgttgttgttg ttttgttttgttttaagaca 
tgtagaccaggctggcctca aactcaaagaaatccaccta 
aaaagtgctcaacttttaca aagcagtcttactttgagca 
atacactgctaggtgtattt agtccctcatgatgctgggc 
ggtggctctgaagaagactg tgteccagtgactggcagtt 
gcagagtgacactggtgtgc ccaagcctggagcttctctg 
atcaggttggttataattct tataaacacgaaggtctcac 
gggaatctctgttgaggctg ctgcagtgtgtgtgcgtgta 
ccactgtcctgttcctaaat gatgaagcactggcccggtg 
gccaggaagcacacaggagc ttgagttccagcttggcagt 
actaacaaacaaggctagct cactctcagtattgataatc 
agccttgaactcttagcaat "tctcctgtctcaactttcaa 
aaccttgttcctaatcctitg actgtgaacgactcttgggt 
cgtcctacataatctattgc ccatacttagaaacaacagg 
ctcagtcctgccactgattt accgtgtcagctcaagtgac 
tcaccatacctgctctttct gcccacattctgtcattaac 
taaagtgctggggaaatgtt agctgtcgataatggttagg 
tggggtttttttagaggctt ggtagttttcttacttcttt 
attgcctgattgtttgagtg tgtgcactgaggcacgcctg 
catatgtatggtgtgaatac actgtagagtgcaggccggc 
ttgeagatet tcct t ggaca ctcctgct tgtgagcatttt 
cctttgggtaaaccctgagt attgggaaacaccctgggct 
aactcttcatagaaagttga gctcacatgctattagtatt 
gccctctcatgcagtttatc ttgagcttggcgaacacact 
tttcgtggccacaagtgggc agcttggaatccaagactcc 



ageacgeggagggggagggg 
actcctgtcccaattcccct 
acctccattggctccccgct 
ccttaggcgccgcttggagt 
ggaggatgcagtggccacgg 
gcggagtccgggcgctcggc 
cgttcggggcggcgggaggg 
ggctgccccaggtgagccgg 
cccaactttggggtcgctga 
gtggaccccggtacggctct 
ccgcccagtagggccgcggg 
catccacctttggtggggtc 
tctcccgccccaagccgccg 
accgccccgcagcgctggtc 
cccctagcccccgcacccgc 
aggcgcggagcctcaggctt 
ctggcaaaggcagacacgtg* 
acgacacgtccccagtcact 
aagagagggcctccataatt 
tgaattccgaactgagtctc 
tcagattatgcctggaatca 
attacctccggctctgttct 
ccaggatctggagaggtggt 
cccattaataatgctgagta 
ctaggaaacaggtctaggaa 
ctgtctgagctttaggatca 

ttcagagcttccccttttcc 
agctggtccctttctcaggg 
gcttttgggtgcctgccttt 
actgaagcaggtttgtccct 
gaatagtgacttgctatttg 
gtctggcagaatgggaggga 
agttggttgtaaectacctg 
gaaagaatgatgggaaagat 
ccttgctgcagcaaaatttt 
ctcaaaattgcctccttata 
aggtttctctgtatagtect 
cttctaactttcagtgctgg 
ggattctgaaacccttattt 
ctcctcaagtggcgccaggt 
tgaattcggagcttctcttt 
tttaattctagtttattttc 
ctttgcgtacgtctccggct 
gaaagggcaaggtagaatgg 
aagagcctagagaactccct 
gtcttctctttggtgacttt 
gaaggtccttggttctgttt 
agagctgaaattacagactc 
ttggttctttctccatttct - 
ttagagacagcattgggtcc 
tcacttccaactcctctgct 
atgttcatttcataaegatg 
gttaactttttattgagtgc 
cctacttagcttttcttcct 
tgcatgtttgagagtatgct 
acactggggccggctgaatc 
gtgtggagtgactgtttagc 
gtggctgtgtgtgcccgacg 
aactgagtgctaaggaacct 
tacagatttagtagagcttt 
tggcttctaggtcgcattct 
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c «gcggcccccccc aa ggg "Cgccaggggaacacc ttg gacaccagaccacccccaac 
53 63 ccgccccccaaccgccccte ccccgccttccccccaacct gaccccaCatot™* 9 ^ ecM "9««c ag<iacit4 

ss23 SSS3322KS SK5~s; E~PF S££=SSSS 
!Z2 SSSSCSS SKiS JSSSS2S 

S923 gcacaggc?gtg«:g t ? t g£ f^I!" 6 ? 99 "" 99 * 9 "^caacetgccacLg 

6003 cccageaggaaatetctggg ctaataalall™?^** 9 cc ?g««gtggaggcaagt ttagegggacttgaggagag 
6083 atttlcclagggatcgcSI S£»S3£aS£2 WWBgcgaggtggcgg gtceagacctccte^agaj 
6153 tcccaccccISctgSSt gSSSSSSSS ??=« cca9a 99 c 9 Ccec « ctgggagcctctcaagggc? 
6243 agtectgcccagcglctcac !Caoc££a^a1~ Cacacagagaagatatgttc =CcCgcctccagcc«ggaa 
6323 agccctlctaglcectggS tSSSSSSSH 9tacaca ^cgctcScag g g gcttccgtcccgccggcctc 
6403 tcctggtgtcttcecccttt ttSSSS?? 9 ^ Cgggaaaccgggtcacctct tatttgcagctccctcecee 
6483 c tC g!««gacttcttgtg JESSSSSStSS =«^«ea C getgaaatc ctcctI t c? ttC gSctIgc 
6S63 gagagaccgagfccctggga? gj525a«22E£S =f9cCcaggggcctccattt Ctaacagteaeacactgglg 
6643 aggcactglclgecclfggg SgfSIagattoaaleSt Itltl «"««ctteatfttgff tttctctttatcccttclgg 
6723 tggcattcgttgtgggaag, omto«£22^£i? *? t9 S*» te W««»*«Bgea ggctttcagatcagtgccce 
6803 cacccacaSccfgglaglcf 2EK5SS22 ^ f "^ctgggggtgg aggccaggtgatgltlec^ 
6883 cagtgggcaggtgggcgtgt S5SS2E5 tSSSSSSSSZ «^«9ggcaggttggg? 
6963 tcaccceacccacefctgacc caccagcaceLet™^ =g*geeacgaegccaggcce caeaagtcctecctggaggc 
7043 tgagaggcaaaggggaltta tt^atlle^^ 9 9 ? a 9gtagggcagggcagtgag acaagaccageetggaggte 
7123 ggaagllgCctJSSgS ^f^^ggtgtccea gatacctctlccglllgga 

7203 ataggcccaeggagctagac cagtla^alSaSf^ ^W^^tgwcaag ggagagtgcccatccatgga 
7283 ttaecteagallclgcgaaj StS££S22E2 tcagcccceacctgtgtctt ccgagccag«ggagggl?t 
7363 aggcetccIgggcalgaggS ISmSSSI^ 9 ««agactgcaaagcaggce tcgttgatgcett Jcltgc 
7443 tctaccccctgLctJcSc XSSXESS oSfffT 9 "!^"" *W**ncc*n*£ 
7S23 ccettcatcecaccecattt goatce^a*^* 9 .?* ggtaaaaagaacccttccag eacactgacagagaggaaaa 
7603 ccctgggaattcactStS SSSSSSSSSS S5Z CCt9Cttecatac WMgeL^SS 
7683 atcggagatcccctcllcti 535ttS25-SS£ SSZZZE?**??* Cct 9W«tct:gcagLa 
7763 tegatgteaeeceagcttefc ceSaa™^?^ 9 ^. gg«ggeeaggfcttgggefctg tagggccccagcaagagecg 
7843 agggalggagcc^tlcetc SSSSSStaSeS tgtgttgggatcacaCctct ceetgaatggLtg?*^ 
7923 cefcegtgtgcttcaaaggca SSSaJ^f^!?™ e WW«cagtcee6g» gttetgtcctacclccetgc 
8003 agaalgagJcaggcctlgS SSSSSSSSS 0 ® 0 J ttc »*Weaca8totfc cettcCgttcteccacccSc 
8083 getgScilccSggaleS ESte^f™?** 9 *" 9 '99 ccct 9»g«tgctgCtg atgaacStggaaecagg«g 
8163 t cagI?ggctagt?S?eS SSSSZSSK aSfaSr 06 "" 9 * 069 •*-"W**22 
8243 ccaeatactggctfctatcag eCctStaSat^^!!^ ? 9 H?~? a9aa9Cat99t9 ^"gtctggtccacecgaa 
8323 cgggeccctcataccctgiS SgSSSttaal^I! taaccttttagctetaagce tgtefccctcatcegtgaaae 
8403 gactggagcaagtcfcctagg a«X2S2££2££ «**t:g«gtagtatgccga gtggttggggttctclcetc 
8483 acagagtcttcatgtgaaS g1«£ctgg?c£?a2c2 H^?!" 3 ^^" 999 * ^Scctgagtaggaggge 
8S63 tgcccctcctcagaagtcea agcetttclS»™f !T ^"^^^gtcata gagcctacaaacatgclttt 
8643 ggcctgagctgtgtgggcto aaeSa™? 9 9 9 ac * ctc *tctccactgagee tctatgtgagaefcggctcce 
8723 tttcagcfgtagg^lfgtj SSSSE^f a 9*cacctgggcacctggg e gggggSfgggacag^aSg 
8803 ctaacacalctlggtcaga? tSS*^ 9 ? «g**ggttaccctgagagg aagcaggctccctalagaca 
8883 gagagcecIga^ggSfgt SSSSKKS 9 « ct 9*««ttcagtgca aaggclgcecctctgglagt 
8963 ctetcaaaeaagtgactgtc Setfctal*?? 9 ?^ 9 g«»*cctgceCggcctcCe cecactctgatggatafcgL 
9043 ttaaagattagl JgSaat 2552X222 ^« 9taa9ata 9atagggc gttatggtetgHaatgS? 
9123 acctcetaaggtctlgacct atcIlC^It?™? ggcacccggcaccttactca acaagtggctggagtgcetg 
9203 gctggccc JJgaccSS £2222222 SSSSS"" 6 " 8808 ^^ttetllSdcacI 
9283 ggagccgtttatctaggctg tgaootateao™^-! tttectttaagceacetctg cgtcaactctaaaaggcggt 
9363 gaactgagaaacccaHcac 222222222 222E22? B ? Bt 9t9 99<*S9ggcca2cIS 
9443 ccacccccageatgctccgc' ctttooceeatt*^^,^ ctcagagtctggcacctcag ctagccaccatgctgtggga 
9523 aaggggaaagaggaaatgal 2S5S22S2S tgcacaggcatcttlaglC 
960.3 gctccctgtatcttctagtc tettetttf t™?^?^? at cccCgteaettgcattct cacagaggctaaagaaattt 
9683 tagcccctcccccataggS occgacttatl*^^^^ eatce 9 tt 9t*tcccaactg cagggecccagttltagaat 
9763 ^ttttcaaaagggcatf^.flafcgcaaafa™^! 6 S^^gtatcctttag cccttcccaclggcat?tta 
9843 gctggcggcclggctgg?^ ag^tgfgtSIaScIatl* a9a9a9 9"tggCgateaga gttacagccccaJccCccca 
9923 gcccaggggcggaatggcca tgcaaaaeef***!^ 9 tttct 9 ece «=*gtg"actt gaggatcctttactcagcca 
10003 acgtagllgtlltgggSgS tfglMlacSglaot^ 99t9tca 9gcccccatatcc tgctgagtctagaatcfgS 
"?« 9*cagga t ct«:te«claag «fg^cScet«c«c aaa^™ 909 * 9 *** 1996 9gggttcctatactg«Ica 
10163 aetgaggaggcccfetcacct cttttSS™*^^ a«gtcccttggctctgacea gcaagacgtatceaaaagaa 

10243 a t «tcLaggctac«ccc S5SS3!S2S ^I^ 9699 ?"" 9 " aa tggc«tc C g tCt "?« 
10323 tttgcttcagccactgtatc tggttgtccetfaal^?^! caCcCcca g<»gt«=acctgg cceacaatgcctegctgccc 

im., ««ss-ss; vsssssssa 

Figure 2 -(cnce) Si^iy^ 
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10483 caaaaaacaggccaaaacac aagccaccctcccaccccac cgggcccccccaccccccca cggcacatt. 
10S63 gcccaaaagacctgaagaga ggcggccggcaagcccaggg gaacaggcccatccggcccc ccccacl^ " CC " Cca9 
10643 gagaggccgggctgggcagg gcagggccccttgctccaca CCgcclgaagccccgcccCg cccocclr! CAgC ^^ 
.10723 gcaggccttccagceccaca cccggctcccagccgagccc gctcaglgalcaaclccaac Itttl Cct 99«ggg atC cg 
"«^ tc " c "^aggca tgggcgtctgggtalccatg S2S5I«3S3S cllSfl"!^""^ 

iSS S« ~==2S2 

SSS S=S=S= SSSSSSS SsEF? £==5S==S 
S5 S=S== 3=S £SS? 5~5==3= 

11363 a t ttggg tgtgt cct g aag g caLaaI gggggc StSS ^tggtggtg^aggaa S2S22 flBeBB " 
11443 cctecttaeagettcetagc Cccatgggagaaaaataaoa » nf f™*.;; . 5g gg cttct ggg t:ctcga gg 
11523 cecagcatgcacegtccagc ctgaSSJgagJglcaSa aS?™^ 9 ^ TT ^^^tgotcacS 
11603 agcacagtgggtaLgagac aa§ctgccc!gIc?ccSac «o»S L «»«aeacttcatttceegcc 
11683 gaceegaeacagtcclagag agIctIgtSaSaaag«?t SKaaSH ^^"tagttgagcta 
11763 aggcgattacgggaaagaga gcagec!agIc«SIScCa K^S^r* 9 **^ tca 3ccaggactg g aggaaa 
11843 aggttttagtcacaatltlt IctgtccgScctaSSc^a iSESSSSSS ^^ctaccggataggagc 
11923 cettCgggeccccctgggta gctLg JgtgCcagcat^c -ct^S™*™ 9 9 « e "»««9g«Stcca 
12003 tgtgaaggcgctaggcSgg Lgc JgcSSSggaS eSSSXSSS " C6ac »"«*WWB«getaa 
12083 CcctCttcttggtggctlti gggg tc?ttegaSlIS^a Half ~™ ~ 9 ?? 9C CCCasca 9g**gg«getce 
12163 ctgtggegtttgtcttcgaa gaglgaaggllttega^a aa!2™^ 9 ctcgttgg tgaagcaggcceccctggta 
12243 cgctggcctacagagceltc «£c5£25Sjj££ t^a--!!? 99 ^"" 0 cca 99 at 9<=t"gccecttg 
12323 Ctgccttgctgagcccctgc gcaccoca^flf™^^ ttttgaaeaccagattcagtc agggaacaggagtagaggtc 
12403 gtacagcagdtLgagggg Sagt g cS?£gaS«« cSa^??* 9 *""*"" ct «99^«gc«cSa! 
12483 aecacaggcctgtttglaca g^ggaglSaaC^^ SgCagttettggggeccctg gacaeagatgtcatgcccag 
12S63 gagaggagaagactalagl*. SSSKSSSS^f. ^"W^^WM"** agagecgtggceceagggg 9 
12643 tgaaalcletlggfca^tgc tSS^r tst^gtaggggcagatctc ttgcatactltgaacll^t 
12723 gtgggggtgggggatatgfj 22tSX2S2K SSSSSS? 9 """ ^<W*£«tceS 
12803 cctggaacaggcgegtgttg gtcooaaataa™~-H a * g ctgagtggacagagacc gtgtgactgaagceegggcc 
12883 tccIItgataacagSgctf £tS2£mCtS£a «"^ atc = a ^ c egctt gggaaeggctglgacllagc 
12963 cagacgccggggdtcigt? SgSJSSSKS a™!??* 0 "!- 9 *"* ^^tcggctcccaccL 
13043 taagtrcccagcactgccca aattaaa™!^?^?^*?. ac 93«««=a«gtt6gcctc gcfctteceaeeccaegaagg 
13123 ctggaatggglcactJggS ^SSSSSS^l tccccCcaeaccccactccc tgaggctfcrtcctggaaggl 
13203 teeaagti?cLggtS?S 5SJ2iSSS2^f ttagggtcaagaccaggetg tttcttaectggciSgtife 
13283 tttctlttattaiiSS? SSS^aSSlatf tl£ S^ccattitaatatcaaa attctgtgaclitaaatfttt 
13363 cttcagaaagtcagt?e"t ccSSofS^^ " ttt 9 tet 9 t 9t9tggacaCg cfttgtggcgatcagaggaca 
13443 «otaS-«Sc2SS SSSSSmS ^Sr tCCaa9tt9tCa S9C tttt atcet:gaaa!?aa^ 
13S23 acagtgtcelggagtirtga ttgglSc^Srcltef- Stgtcttagacaccaccagt gecgcacagctggtaacatg 
13603 ttetctacaaaaaccetgta atel«™^??! f Cgcagggcggtagacttcca gggtaeggggcaggtgggcg 
13683 actgtcttca^tSgga? at^tff*^^!"*!* 6 9 cccc «tag9t:ae«=atgatt ttggtg?gIgaJ£gI2gt 
13763 atcagattg^egatlacc eSXX22££T a 9 a «~«tcteagcc t cagg caglcaggacccggg^cSc 
13843 gg cttcctItSgLt«tc S£222E225£ ISSSZ??'** 91 * 9«ggcaggaaglg g Iccca 
13923 tgeactatgtcclgacccac gctgcJSatcta^at*— "= tttgsca * t 99cttgca accagaggtgaactcttctcc 
14003 gggttaagLctcLcetgC 2S2S3S2aS£S ^aat-fr?' 9 * 6999 '* ceea 9cggggct:gctaggca 
14083 tcagccaggtctttctcggc ctggg|ag12gaaaaaaa actga 99 ccatc "cccttgagagagaCggCc 

14163 tggtaggeccfttcaccclgg aaKSaSfSXSSS f^™™^* 9 ' 9 * 9 * 99 * ""^ggctgatggcct 
14243 ggaggcgtaggaatgaaag? g^?g1ggaaaatt«eS ^fagaCgcCgacctcagc aggactggaggaacegcatg 
14323 gactgggcccetgclttggg SgUSKISSSSS ^^^aagtctgagg ccegcgtcccctttgtcctg 

as sssssss i ~sssssr ==~ssss 

14883 ggaeccaggtcagaagtoat aetoaoat™^^?Z- acccccagacatctctaagc cgcggccacacgccccggaa 
-14963 acattggliactlgtllgct SggfglaSlct^I^ 90 ccCctc 9 aae »««=»gsgtC gCaaatagtacltgattgtt 
1S043 tgaagStSetccteSS clfcfoafoctal^^ 9 W^^teeccreecccm cafettcttetettltggggc 
15123 cttctctttgcttaglaggi Sgccccagctgagagtrggag geggggcagecagggaSg 

1S203 gtttcagcagagatfcgtff fagaa^tSttll^f 9 ^^^ooo^acc tgccccggacceggttlccl 
1S283 caaattgcccccctataaao S^!? 9 f 9 taaac a *9«ecacaaagcgaeaagc ttgageaaaacccaggggaa 
15363 tctgtggSgaSlg^ 9 SSSSSSSSS f aa ^ c ««=«" tC ggaaa ttlcfgacCCCcaggll?" 

lS 603 gg g t g Ctc ?? ct c- %lt 35SSSS5S S22==S5=S SSS2SSESS 

Figure 2 (M/^^^ 
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imj gcgaggccageagggctgtg tgtgggcccct a o fle «* a <- IrZZZ v-v. -rcccccgactccacggatga 

1S323 ccccagcagagglllctlga gagrtgg«aaee?==™ " c «9f acMC 9*«:gagcc tcagctagaccacectggL 
16403 ccccgegeacgtgaccecla aaletll^? gccetctettcecceaaaac ttcgtctcaatcggaagcec 

16483 acacIcgttaLIaccIggt ?S22SSS^S^* ^cccctcaccaeaagacgag cagc6cgeat:gagggi«cg 
16563 gttgtgacaccagatgtSg e!jt2S522SS2 9"g CCt tg CttC gctC C g C ttttteacccgtSagSgf 
16643 ecgctaaggccactcaget! gtHggSta^aaSca "^fW^WOT ctgtaagaCgtgtagtgala 
16723 tgtctcgttgaaacaaagtc tataE^f!'' ggtetetggagccettCgcfc gaaccatgtaeeeeeaecte 
16803 cagtcclttftgtctgtctt SSSSSSS^SS^ ggctgacItcgaaSSctg 
16883 actctctgttciggcltgtg 2SS2SSSJ2SS 22? tC « CCtaact 9 CacaccttaaLaaaaattc 
16963 gcagggcccctgcatcclcl ttetatm££££S^ "SCgctgagctgggctatt tgggccagtcteattgctga 
17043 gagagcaactatgggcccaa ctS2£5£22£^ ^gggtcttcetcctgcacta gctatcctagaaccagcace 
17123 .tgegggaetgtgtttgeacJ IT ta * ct *»ggcggtg C t ccacctceccgcccaSgtcc 

17203 gttgccagggagagcccatc ccatfc^et^^^ f ? « a ^ st «WaQgce»ggcg.flc*gc»etcc«oc»«cLee 
17283 cccaagagScLIgtStt SSXSSSSS"!? 9Ca ^ cctt ^~ CtagcttccaefgtlcSa' 
17363 aaggectgggaccalactgt gSJSSlSSSX "^r^" 00 ' 9 ' 9 * 0 * ^taagacaggcSctgg^c 
17443 cagttgagacttctgtgcgc aciccSS?2C!=^ *««OTeecefcce»ttgce aagettggcectgctCMea 
17S23 gggtgtgctgaaagldcL eSSSccSa^ISf*! "ggacactgactcccctta aatgtatagattltggggS 
17603 gcetctgtccccaggccaga eeIccIaae«of™«! ""^agtatgatcaattga CggcCttcaegggeallS 

»«. jssasss: isssssss; ssssbi 

18523 ssssssss ss^ss 

S!2 c«t=c„tcctt„ oc . M 
iSi? ="««ms«»»«5? StSUSSIS^SI SSS2?"~ MeMt '•'""wwtwcafSI 

1JK3 eece»eecee«t«ctem: «raotS22™f_„H * a 9« t 9"OT««gc«e«« ff tcgjctasgaiMaaceeoe 
1M03 tMBjewa^Sg 9W«S«2S£!££ ^"'"WTOStSOT SSOTes.SSa.guSeS 
""J.SO—MietgU SS£S£2£££"? £2KK£S£ , ' !¥ WX—KbSmSS 

snsuss™ ssssssbd! «5sss3=s ssssssssssl 
is.., h,**^. a-sssse ssisiss™? rssssss; 

;;;;; 222=- ksskse s= dSSSS 

- rSSS 52 =™ s=s=s=s= ssss 

J^S^SS ss=s 

- =22? SS£ ^ SS S 35S35S 2 SSSSSSS 

- ==5 !S~ J = 3S5SBSK 

»| SSI™ SSSiH 5==S== 

figure 2 lc^ )(UMtssi ^ 
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19533 iu:cgacccc^ccagcc*iccic» cjiCcgccccjcjgcccccGC eg ctjccjccncjcu ccar.cccuc ccgn ccccaacccacccccc 

19762 cccagGACTTCACCTTTGAA ACATCTCGCCACAACACACC TCTGCCTCCCCTACACCCCC CCCTCCGGAATCACCCCCCC 

AspPheThrPheGlu ThrSerGlyGluAsnThrAl aValAlaAlaValGluProG lyLeuArgAsnGXnProPra 

19843 GTCCACGAAGGAGCCACACG TCCTTCTCAGACCCTTTTCC ACACGAACGAACTCCTCCCA Cgtgagccttcct tcaggtg 

ValAspGluGlyAlaThrGl yAlaSerGlnSerLeuLeuA spArgLysGluValLeuGly G* 



20923 gagaggaggaggcaggegge ggccctgaggtagcctgggt 
20003 ggagggccaaccccactcca ggccacctcctaggctgtcc 
20083 ccgacccgagcctgcctccg cccaccccccagGTGTCATT 

lyVallle 

20163 TGGCTTTCATGCTGTACCGG ATCAAGAAGAAGGACCAAGG 
a lAlaPheMecLeuTy rArg He CLysLysLysAspGl uGl 

20243 GCCTACCAGAAACCCACCAA G C AGG AGG AGTTCTACGCCT 
Al&TyrGlnLysProThrLy sGlnGluGluPheTyrAla 



Cgccggggcgaagcaccct C ageagcagggeggggaagga 
gcccagcccgggagagacca ccaccgaccccgcggagcca 
CCCGCAGGCCTAGTCGCCCT CATCTTTCCTGTGTCCCTCG 
AlaGlyGlyLeuValGlyLe uIlePheAlaValcysLeuV 

CAGCTACTCCTTGGAGGAGC CCAAACAAGCCAA7CCCCCT 
ySerTyrSerLeuGluGluP roLysGlnAlaAsnGlyGly 

GATGGGGAAATAGTTCTTTC TCCCCCCACAGCCCCTCCCA 



20323 CTCACTAGGCTCCCACTTGC 
20403 CAGGCCCTTCCAGCTGTTCC 
20483 AGCTTGGGTGCAAAGGGTTT 
20563 CCAAATGGGAGGAGACCCAG 
20643 C CTGAGG ACAGG AG AGGGGC 
20723 GGGGATGGAGGCCTGAGCTC 

20803 ' mx. - ivrA ATrrcivixrxnx: 

20883 TCGCTTCCCTAATCTACATT 

21963 AGAAGAACCAAATCTGGACG 

21043 GTATGGACTATCTGTATGCT 

21123 CTCTTGACCAGTCATGCCTG 

21203 GTGAGAACTTACTCCAAGTT 

21283 CCCAAGCCTCTCCCACCTTT 

21363 GGCACTGGTTCCTCCATCAA 

21443 CCAAAGAGTGAGTCTTTTGC 

21S23 AACTTTAATATAAAGGAGTC 
21603 CTTTGCCCAAACCCTGGTAG 

21763 GGTAAGTTCAGCCAAGGTTT 
21843 GACCTAGGGTCACTAGAGCT 
22923 CTGCTGACCACCCCTroCTT 
22003 CATCTC TCCCVXXJXVX ' X ' XX.A 
22083 ATCTGAGACAGCCCTCAGCT 
22163 tggtaegtgtccafcttggac 
22243 ctggtttttggaatgggagc 
22323 ggccccagggcaggactatg 
22403 gaaccccagctaggctgttc 
22483 tttgcttattgggcaactct 



;aaaaacttca 
tccccgagccctcccagggt 
cttgcatctgatctttctac 
ctctggacagaaaggggacc 
ttcggctgaccagccatagc 
cttggaatccacttttcatr 
agagccccagcagaccttat 
caggagaccgaatcgggggt 
ccaaaacgtaggcttagttt 
gccccatttttggcggcccg 
tgtgcatcgactcagggcca 
cacagtctaggactggaggg 

GGTACCATCTCTAGTCATCC 
GAACCAACTTCACCTTCAGC 
TTTTGGCAAAACGCTACTTA 
CTATGAACXCTACTUCX'X'CT 
ul^\>^oGAAGCl"lUGClTAA 
TTATTTCGTTrrGTTOIGTT 
TACAGGCCCTGATGTCTGTT 
AACCTTGCTTTGCAGGGCAG 
ACTTAGCTCAGTGATGTTCC 
TCCCAGAGCTTGTTGCCAGA 
GAGGGCTTCTGGGACAGTGT 
agcagacacCCCggcgta.cc 
ctaactggcccg tgc ccegg 
ctcttgccatatccaggacc 
ctttcccCggggccaggagg 
caaccttcactagcaacagt 



AGCCCTGGCCTCCCCACCAC 
GTGCTGGGAACTGATTCCCC 
CACAACC3XJVCCTGTTGT C C 
CGACTCTTTGGACCTAGATG 
ACTTACCCATAGAGACCGCT 
GTGGGGAGGTCTACTTTACA 
TACTGGGGTAAGGCAAGTCT 
TAATAAGACTTTTTrTGTTT 
G TOIGllU ld Vl U A UTrit; 
TAAGTAGGCTGGCTAGTCCA 
CGGCCTTGGCCTGGGCCACC 
GAGGAGACTCTAGAGTTTTG 
TTCCTCCCGGAAGTTGACAA 
TCCTGTCGCCCCGCCCCCAG 
ATCCAATGGGTTCTGTACAG 
G C1 lUriUT IClVlXAJACTG 
GGCTGCACGCCTCCAATCCC 
GTOrroXGTTTrTCTTTTGG 
CTTCTAAMOGTTTAACXAA 
ACACCTOGGACAGCCTTCCT 
AGCTCCTOGCTAGGCTGCTC 
TCACATGGCTGGATGTGATG 
CAAGCCTCAGGCTGGCGCTC 
tgCgcagtctctttttggtc 
cttggtaccaaatageaaca. 
cccgaccttgcacctgtttt 
axtctgccgactctgaacgt 
cccatgtgtcaggattacaa 



TGGGTCATGTCCTCTGCACC 
TCCTTTGACTTCTGCCTAGA 
ACTCTTCTGACTTGGTTTCT 
CCCTATTGCGGCTCGAGGAT 
AGGTTGGCCGTGCTOTGGTC 
CAACTTGGTTrTCCACATAT 
GTTGACTGGTGTCCCTCACC 

rriijri ' rrxunTrr AACcT 

TCGCTCATCCGTACAACAGG 
GGATACICTGGAATAGCCAC 
GTGACATTGGAAGAGCCTGT 
CGGCAGGGCTGGCAAGQC TC 
GACACATCTTGACTATGGCT 
GCTGGAGTCAGAAATCTTTC 
TAGATTTTGCAGATGTAATA 
GT G GTATAGATATAGCCACC 
CCAAAOGTAGGATCCTOGCT 
CTAAACTTCTTTTCGAACTT 
TTGGGACTCTAGCACATCTT 

AGCCACTCAGCTAGACAAAA 
TGGGCrrGGCtUJXU^U'XCAT 
ATTCATATAATTGCAATAAA 
tggaccacgcccaaccccat 
gccagcggcacccttgccca 
ccctctgtgtgtagcateat 
caggatctgcttttgttctg 
gcaccgcctgcacatcgagg 
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